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DEVICE AND ROTOR MEANS THEREFOR 

The present invention relates to rotor means for 
centrifuging reaction vessels containing reaction mixtures 
5 in a device for asymmetric heating and cooling of reaction 
mixtures during centrif ugation and a device for asymmetric 
heating and cooling of reaction mixtures during 
centrif ugation having such a rotor means. 

10 Technical background 

The applicant has developed a method and an apparatus for 
rapid homogenisation and mixing of reaction mixtures with 
regard to temperature and chemical concentration, i.e. to 
15 subject the reaction mixtures to asymmetric heating and 
cooling while the reaction mixtures are centrifuged. 

When using said apparatus, reaction vessels including the 
reaction mixtures, i.e. the complete reaction mixture or a 

20 subset of this, are placed in a rotor of a centrifuge with 
the closed end directed downwards, outwards or otherwise 
according to standard practice for centrifuging the 
reaction vessels in question. The centrifuge is then 
started, i.e. the engine which brings the rotor to spin is 

25 switched on. 

When the rotor has accelerated to the chosen gravitational 
force, the rotation is kept at constant speed. A heating 
source is now switched on leading to an increased 
temperature in the reaction mixtures in an asymmetric 
30 manner so that a temperature difference is created in the 
reaction mixtures. Preferably, the heating acts directly 
on a portion of the reaction mixtures contained in the 
reaction vessels. At the same time the reaction mixtures 
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are subjected to cooling by means of cooling the walls of 
the reaction vessels. 

This asymmetric heating and cooling during centrif ugation 
creates a rapid, controlled flow in the reaction vessels 
that thoroughly mixes the reaction mixtures with respect 
to both temperature and chemical concentration. This 
extremely rapid mixing is tentatively called 
superconvection . 



10 Summary of the invention 

Accurate, fast and effective cooling of the reaction 
mixtures is important in order to decrease process time 
and the quality of the outcome, for example to minimize or 
15 counteract unwanted side reactions. 

The solution to the problem of creating effective cooling 
is provided by novel rotor means having the features 
according to claim 1 and by a novel device for asymmetric 
heating and cooling of reaction mixtures during 
centrifugation having rotor means according to the present 
invention. 



20 



25 



30 



By the provision of at least one fan blade in the rotor 
means, ambient gas is forced to pass the reaction 
mixtures, whereby, for example, a more effective cooling 
of the reaction mixtures may be performed since a larger 
amount of ambient gas will pass the reaction mixtures than 
if the reaction mixtures would only be subjected to the 
ambient gas by the rotational speed of the rotor. The 
function of the fan blade/-s may be compared with the 
function of a centrifugal pump. 
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In order to effectively perform the cooling of the 
reaction mixtures, the ambient gas could be conducted 
through a conducting passage. 

5 According to a preferred embodiment the rotor means 

comprises a base portion and a lid portion, forming an 
inner space between these two portions. Within this inner 
space the fan blade/-s are provided. 
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Preferably the lower portion of the rotor means, for 
example but not necessarily the base portion, is provided ' 
with at least one through hole to let the gas into the 
inner space, or more precisely, the gas will be drawn into 
the inner space by the performance of the rotating fan 
15 blade/-s in the inner space. Preferably the upper portion 
of the rotor means, for example the lid portion but not 
necessarily, is provided with at least one through hole to 
let the gas, which is drawn in and forced through the 
inner space, out of the inner space. 
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The fan blade/-s may for example be arranged on the 
inside, i.e. the side that faces the inner space, of the 
lid portion or on the inside of the base portion. 

In order to increase the throughput of the device and/or 
process, it would be an advantage to be able to handle 
more reaction mixtures at the same time. One way of doing 
this is to handle reaction mixtures arranged in a parallel 
format, for example in at least one microtitre plate. 
Microtitre plates are available in different formats, such 
as the traditional 96 well format, and e.g. the more dense 
384 well format, as well as the 1536 well format. 
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Using microtitreplates, the benefits of the invention 
become accentuated. If only the airflow caused by the 
rotation velocity is used to cool the reaction vessels 
containing the reaction mixtures, a problem of non-uniform 
cooling of the reaction mixtures will appear. The airflow 
will hit the row of reaction vessels in the front, in 
relation to the direction of movement of the microtitre 
plate, whereafter, due to natural flow, the airflow will 
be diverted outside the closed ends of the reaction 
vessels of the microtitre plate towards the back of the 
plate. 

Thanks to the present invention it becomes possible to 
evenly cool all the reaction mixtures in the microtitre 
plate by forcing ambient gas to pass in between the wells 
containing the reaction mixtures by means of at least one 
fan blade and at least one gas conducting passage provided 
in the rotor means. 

The gas may be ambient air or any gas supplied to the 
rotor means and its surroundings. The air or gas may be 
cooled by cooling means. 

Yet another problem that arises in particular when 
reaction vessels in the parallel format, e.g. microtitre 
plates, are used is that of deformation of the reaction 
vessels. Under the high centrifugal forces and elevated 
temperatures, the microtitreplates are frequently 
deformed. According to conventional techniques, this is 
avoided by the provision of supporting elements shaped as 
a negative print of the microti treplat e . In other words, 
the microtitreplate is placed in a solid support having 
wells corresponding to each reaction vessel or well of the 
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known art, the reaction vessels or wells are not 
accessible for analysis, nor for effective heating and 
cooling. 
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This problem is solved by means of the arrangement 
according to the present invention provides a highly 
beneficial solution to the problem of microtitreplate 
deformation. The base portion of the rotor which together 
with the lid portion define an inner space through which 
ambient air is forced, does simultaneously constitute a 
support for the microtitreplates without obstructing the 
airflow and thus allowing for efficient cooling. By 
providing a transparent base plate, the reaction vessels 
are available for analysis if desired. Optionally, the 
base plate may be provided with indentations corresponding 
to the apices of the reaction vessels. 

It should be noted that the function of the rotor means 
according to the present invention may be advantageous not 
only during cooling but also during keeping s constant 
temperature in the reaction mixtures, e.g. incubation. 

Short description of the drawings 

25 The present invention will be described by way of 

exemplifying embodiments in connection with the appended 
drawings . 
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illustrates in a perspective view an inner 
portion of a device for centrifuging reaction 
mixtures according to a preferred embodiment of 
the present invention. 
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Fig. 2 illustrates in an exploded diagram rotor means 
according to a preferred embodiment of the 
present invention. 

5 Fig. 3 illustrates in a view from underneath a portion 
of the rotor means having fan blades. 

Fig. 4 illustrates in a cross section view the rotor 
means of the present invention. 

Fig. 5 illustrates a close up view of the rotor of fig. 
5 with a microtitre plate mounted. 

Fig. 6 illustrates in a cross section view a device 
according to a preferred embodiment of the 
present invention provided with cooling means. It 
also illustrates the flow of the gas during 
cooling. 

20 Fig. 7 illustrates the device in fig. 7 and the flow of 
the gas during a constant temperature phase. 
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Detailed description of preferred embodiments 

Fig. 1 illustrates an inner portion of a preferred 
embodiment of a device for asymmetric heating and cooling 
of reaction mixtures during centrif ugation provided with 
rotor means according to the present invention. It 
comprises a bottom plate 1 and a substantially cylindrical 
wall 2 made up by wall portions 4. 



the cylindrical wall '2 rotor means 5 (only 
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centre by means of some kind of bearing and is for example 
connected to rotating means (not shown) , such as a motor, 
preferably provided underneath the bottom plate 1. 

In fig. 2 the rotor means 5 and parts to be placed therein 
are shown in an exploded view. The rotor means 5 comprises 
a base portion 6 and a lid portion 7. The base portion 6 
is provided with side recesses 8 and in connection with 
each side recess 8 a guide portion 9 is mounted. 

The guide portion 9 is also provided with a side recess 
10, which is covered by a plate 11 of glass or another 
heat transferable material. 
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The above mentioned microtitre plate 12, comprising 
reaction mixtures, is mounted in a cassette 14, preferably 
with the wells 15 of the microtitre plates 12 protruding 
through adapted holes 16 in the cassette 14. The cassettes 
14 may be adapted for different kinds of microtitre plates 
12 or different cassettes 14 may be provided for different 
kinds of microtitre plates 12 but all the cassettes 14 are 
adapted to fit into the guide portions 9. The closed ends 
of the wells 15 of the microtitre plates 12 may rest 
against the plate 11 in the guide portion 9, at least 
25 during centrifuging. 

The lid portion 7 is mounted on top of the base portion 6. 
Thus, an inner space 17 is formed between the base portion 
6 with its mounted guide portions 9 and the lid portion 7, 
30 see fig 4. In the preferred embodiment fan blades 18 are 
arranged at the bottom of the lid portion 7 at the side 
which faces the inner space 17. 
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The fan blades 18 will have the same kind of function as a 
centrifugal pump when the rotor means 5, and thereby the 
fan blades 18, rotate. The fan blades 18 are preferably 
arranged so that when they rotate they draw ambient gas 
> into the inner space 17 through holes 19 arranged in the 
base portion 6, see arrows in fig. 5, and force the 
ambient gas through the inner space 17 and out of holes 20 
in the lid portion 7. 

The holes 16 in the lower portion of the rotor means 5 are 
preferably arranged close to the rotational centre and the 
holes 20 in the upper portion of the rotor means 5 are 
preferably arranged along the cassettes 14, on the 
outsides thereof. 

15 

Since the only way out for the forced flow of gas is 
through the holes 20 and the fact that the cassettes 14 
are in close contact with the lid portion 7 the gas will 
be forced underneath the cassettes 14 and in between the 

20 ' wells 15 of the microtitre plates 12, which wells 15 are 
positioned between the plates 11 covering the side 
recesses 10 of the base portion 6 and the cassettes 14, 
and up and out of the holes 20. This is shown by arrows 
both in fig. 5 and fig. 6. In other words, a conducting 

25 passage is provided to conduct the forced flow of gas to 
pass the reaction mixtures. 

It is conceivable to provide baffles {not shown) in front 
of the lowest row of wells 15 of the microtitre plate 12 
30 to disturb the forced gas flow so that this row will not 
directly be hit by the gas flow, which is forced to pass 
underneath the cassette 14. 
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If the microtitre plates 12 are provided with upper and 
lower side edges that could obstruct the gas flow between 
the wells 15 thereof, these upper and lower side edges 
will be fully or partially removed. The direction is 
related to the position when mounted in the rotor means 5. 

Outside of the substantially cylindrical wall 2 a burst 
wall is provided for safety reasons, and having insulation 
provided there between. In fig. 7 an embodiment of the 
device according to the present invention is illustrated, 
which is provided with cooling means 24. The burst wall, 
cylindrical wall 2 and the rotor means 5 are provided in 
the upper portion of a box like housing 23, which 
comprises an openable lid 25. The lid 25 is preferably 
sealed along its outer rim. For example the cooling means 
24 may be a compressor cooling arrangement. 



Gas canals and valves are provided in the housing 23, see 
the arrows showing the flow through the housing 23 during 
a cooling phase in the process in fig. 7. In the bottom of 
the cooling means 24 at least one inlet valve 26 is 
provided that in open position take in ambient air to be 
cooled by the cooling means 24. In the lid 25 at least one 
outlet valve 27 and at least one transfer valve 29 is 
25 provided. The transfer valve 29 leads into an outlet canal 
in the lid, which leads to the outlet valve 27. 



30 



When the outlet valve is open the cooling gas, in this 
embodiment ambient air, may leave the housing 23 and at 
the same time a recycling canal is closed by the outlet 
valve 27. During a constant temperature phase of the 
process, see fig. 8, the outlet valve 27 is closed and the 
gas cannot leave the housing 23 but instead the recycling 
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canal is open so that the gas can be recycled into the 

cooling means 24. The inlet valve 26 is then closed. 

Between the cooling means 24 and the rotor means 5 a 

5 centre valve 28 is provided. During the two above 

mentioned process phases the centre valve 28 is open to 

let gas into the rotor means 5 from the cooling means 24. 
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1. Rotor means for centrlfuging reaction vessels 

containing reaction mixtures in a device for asymmetric 



centrifugation, characterised in that the rotor means 
(5) are adapted for centrifuging reaction mixtures 
arranged in at least one microtitre plate (12) and 
comprise/-s at least one fan blade (18), which force 
ambient gas to pass the reaction mixtures. 

2. Rotor means according to claim 1, wherein at least one 
gas conducting passage (17) is arranged in the rotor 
means (5) to conduct the gas to pass the reaction 
mixtures . 

3. Rotor means according to claim 1 or 2, wherein the 
rotor means (5) comprise/-s a base portion (6) and a 
lid portion (7), in between which an inner space (17) 
is formed wherein the fan blade/-s (18) are arranged. 

4. Rotor means according to claim 1, 2 or 3, wherein the 
lower region of the rotor means (5) is provided with at 
least one through hole (19) through which the gas may 
be drawn. 

5. Rotor means according to any one of the previous 
claims, wherein the upper region of the rotor means (5) 
is provided with at least one through hole (20) through 
which the gas is let out. 



heating and cooling of reaction mixtures during 
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6. Rotor means according to claim 3, wherein the fan 
blade/-s (18) are arranged at the inside of the base 
portion (6) of the rotor means (5) . 

7. Rotor means according to claim 3, wherein the fan 
blade/-s (18) are arranged at the inside of the lid 
portion (7) of the rotor means (5). 

8. Rotor means according to claim 2, wherein the at least 
one gas conducting passage is arranged to conduct the 
gas between the reaction mixture-containing wells (15) 
of the microtitre plate (12) . 

9. Rotor means according to any one of the previous 
claims, wherein a plate (11), is arranged to support 
the at least one microtitre plate. 

10. Rotor means according to claim 9, wherein the plate 
(11) has indentations corresponding to the apices of 
the wells of the microtitreplate . 

11. Rotor means according to any one of the previous 
claims, wherein the gas is ambient air. 

12. Rotor means according to any one of the previous 
claims, wherein cooling means (24) is provided to cool 
the ambient gas. 

13. Device for asymmetric heating and cooling of reaction 
mixtures during centrif ugation, characterised in that 
it comprises rotor means (5) according to any one of 
the previous claims. 
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